Objective: Gestational diabetes mellitus is increasing worldwide, mainly in developing countries, and physical activity has not been studied in gestational diabetes mellitus prevention among low-income population. This prospective cross-sectional study assessed the gestational diabetes mellitus risk related to physical activity in early pregnancy among low-income women. Methods: A prospective cross-sectional study with 544 low-income pregnant women was conducted at the Instituto de Medicina Integral Prof. Fernando Figueira, Brazil. Gestational diabetes mellitus was diagnosed using the International Association of Diabetes and Pregnancy Study Groups criteria. Physical activity was assessed during early pregnancy using the Pregnancy Physical Activity Questionnaire and categorized as sedentary, light, moderate, or vigorous intensity. Results: Gestational diabetes mellitus occurred in 95 of 544 women (17.4%). Body mass index was higher in the gestational diabetes mellitus group. Nearly half of all pregnant women studied were physically inactive, and none of them were classified as vigorous physical active. Sedentary physical activity pattern was associated with a higher odds of gestational diabetes mellitus (odds ratio = 1.8, 95% confidence interval = 1.1-2.9), which did not change after adjusting for several covariates (odds ratio = 1.9, 95% confidence interval = 1.2-3.1). Conclusion: Physical inactivity in early pregnancy is associated with a higher risk of gestational diabetes mellitus among low-income women.
Introduction
Gestational diabetes mellitus (GDM) is the most prevalent metabolic disease during pregnancy. 1 GDM is associated with adverse pregnancy outcomes for both mothers and their offspring. 2, 3 Some of these adverse outcomes persist throughout life. 4, 5 The incidence of GDM is increasing worldwide, especially in developing countries, and is associated with the overweight/obesity epidemic. 6 Populations living in poor food environments are at greater risk of inadequate diets and of developing diet-related chronic disease, such as type 2 diabetes mellitus; 7, 8 however, there are no studies on GDM in low-income populations. Some studies have recommended public health efforts to reduce pregnancy obesity and overweight by promoting physical activity and healthy eating among women of childbearing age. 6, 9 However, data regarding physical activity and GDM prevention are still conflicting. Some studies have shown an inverse association Physical activity pattern in early pregnancy and gestational diabetes mellitus risk among low-income women: A prospective cross-sectional study between physical activity and GDM [10] [11] [12] [13] [14] [15] but others have not. [16] [17] [18] [19] Some recent reviews have pointed out that scientific evidence is still required to make an informed decision regarding the role of physical activity in the prevention of GDM. [20] [21] [22] This response is even more necessary for the lowincome population because obesity is increasing faster in this population. The aim of this cohort study was to determine the incidence of GDM in association with the physical activity pattern in early pregnancy among low-income women.
Methods

Study population and setting
This prospective study followed up pregnant women from the first trimester to delivery. Pregnant women were recruited at the Instituto de Medicina Integral Prof. Fernando Figueira (IMIP), Recife, Brazil, between November 2012 and February 2014. IMIP is a referral hospital for maternal and child health care in northeastern Brazil. This study is a secondary research analysis of the database "Epidemiological, clinical, therapeutic, and preventive aspects of Gestational Diabetes Mellitus," which was developed at IMIP. This Project had been previously approved by the IMIP Research Ethics Committee (n 2671-2011), and all participants had signed an informed consent form.
A convenience sample was recruited from IMIP outpatient prenatal unit. Eligibility criteria included women with low income, that is, annual per capita income of US$1025 or less, according to the World Bank, 23 pregnancy of up to 20 weeks, age between 18 and 45 years, and a current resident of the Recife metropolitan area. Pregnant women who had developed diabetes mellitus before pregnancy, who had multiple gestations, who suffered from mental disorders, and who had congenital anomalies were excluded from the study. Research visits to the clinic happened in early (first trimester), mid-(second trimester), and late pregnancy (third trimester), and immediately after delivery. A flowchart of the participants is shown in Figure 1 .
GDM diagnosis
GDM diagnosis was based on the International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria of at least one abnormal value of the 75-g oral glucose tolerance test (OGTT) at 24-28 weeks of gestation: fasting plasma glucose level ⩾92 mg/dL, 1-h glucose level ⩾180 mg/dL, or 2-h glucose level ⩾153 mg/dL. 24 All women who screened positive for GDM were followed up by the hospital prenatal team made up of an obstetrician, a nurse, and a nutritionist; they also had frequent regular appointments depending on their clinical status and glucose readings.
Assessment of physical activity pattern
Physical activity pattern was assessed using the Pregnancy Physical Activity Questionnaire (PPAQ) 25 in the week preceding the interview. PPAQ evaluates different levels of intensity, allowing for calculation of the average weekly energy expenditure for each area of activity. Activity levels for the different activity subgroups "housework/caregiving" (e.g. cooking, dressing children, household chores), "transportation" (e.g. walking routes, driving), "sports/ exercise/recreation" (e.g. walking/hiking, swimming, sport instruction), and "employment" (e.g. occupation) are defined separately and assessed with 16 detailed questions each. The duration of each activity subgroup was determined and then multiplied by its intensity as defined by the compendium of physical activities. 26 The unit MET (metabolic equivalent of task) describes metabolic states and energy expenditure. MET-h/week = intensity of activity (MET-value) × duration of activity (h/week). One MET corresponds to the rate of energy expenditure while seated at rest (0.9 METs are observed during sleep), and values up to 18 METs are attained during higher intensity physical activities such as sprinting. Physical activity pattern was classified according to its intensity: sedentary or physically inactive (<1.5 METs), light intensity (1.5 to <3.0 METs), moderate intensity (3.0-6.0 METs), or vigorous intensity (>6.0 METs).
Other assessments
The information collected during the interview was carried out by a previously trained researcher and included age, race/ ethnicity, sociodemographic characteristics, and reproductive and medical history.
Pre-pregnancy body mass index (BMI) was calculated based on the information given by the mother and was then compared to the first weight measure taken at the first prenatal care visit by an electronic scale with a 0.1-kg degree of accuracy (Seca, Germany). The measured weight was the one used in case of a difference greater than 5 kg between what the mother informed and the actual weight measured. The height was measured on barefoot in centimeter using standard height measuring board and recorded to the nearest 1 cm. Nutritional status was considered as underweight (BMI < 18.5), normal weight (BMI = 18.5-24.9), overweight (BMI = 25.0-29.9), and obese (BMI ⩾ 30).
Statistical analysis
Sample size calculation was based on statistical power of 80% and a level of significance set at 5%. Considering GDM incidence of 18% and a risk reduction with physical activity at 40%, it was calculated that 509 women would be necessary. Considering a loss of 10%, the sample calculated was 559 participants.
Bivariate statistical analysis was performed using the chi-square test, Fisher's exact test, and chi-square test for linear trend. The aim was to identify the set of variables that showed an association with GDM. Variables with a level of significance lower than 0.20 were selected to compose a multivariate model that was adjusted using logistic regression to quantify the adjusted effects of the variables on the occurrence of GDM. The odds ratios (ORs) and their respective 95% confidence intervals (CIs) were computed. A backward selection of the variables for the adjusted model was used with significance level of 0.05 as a criterion for the permanence of variables in the adjusted model. Statistical analysis was performed using the statistical software Stata, version 12 (StataCorp., College Station, TX, USA).
Results
A total of 544 pregnant women completed the study (Figure 1) . Overall, most participants were young and primiparas. A total of 219 pregnant women (40.2%) were overweight or obese, 10 (1.8%) had previous GDM, and 311 (57.1%) had a family history of type 2 diabetes mellitus. Some characteristics of participants who developed GDM (95/544; 17.4%) and did not develop GDM (449/544; 82.6%) are shown in Table 1 . The two groups were similar except for BMI, which was higher in the GDM group.
Nearly half of all pregnant women studied were physically inactive, and none of them were classified as vigorous physical active (Table 2) . Most women expended energy in housework/caregiving activities. Of the 95 (17.4%) women diagnosed with GDM, 58 (61.0%) were physically inactive and 37 (39.0%) physically active (p = 0.008). This association between physical activity pattern and GDM was not linear; p values for physical activity of light intensity and moderate intensity were, respectively, 0.897 and 0.006.
GDM incidence was more common among overweight/ obese pregnant women as compared with normal/underweight pregnant women: 59 (62.1%) versus 36 (37.9%), p = 0.001.
Multivariable analysis using logistic regression with variables with a value of p < 0.20 in the bivariate analyses was used for the initial model: marital status, work, number of births, age, live children, physical activity, and nutritional status. A significant association was observed for all variables with a value of p < 0.05. An OR = 1.8 was observed with a 95% CI (1.12-2.91) for the initial model regarding the association between GDM and physical inactivity. For the final model, an OR = 1.9 and 95% CI (1.19-3.05) was observed. Results of multivariate analysis using logistic regression also showed a strong association between overweight and obesity and the development of GDM, both in the initial model, OR = 3.1 and 95% CI (1.81-5.20), and in the final model, OR = 2.9 and 95% CI (1.74-4.95), p < 0.001 (Table 3) Discussion GDM incidence was found in 17.4% of pregnant women in the study, very similar to that reported by the International Diabetes Federation 1 (16.8%) and to the numbers seen in other recent studies. A cross-sectional study was carried out in Pakistan, and an incidence of 17.2% was observed among 1210 pregnant women. 27 In another study conducted in China, with 1683 pregnant women and in which IADPSG diagnostic criteria were also used, the authors found GDM incidence to be 12.4%. 28 Cosson et al., 29 in Paris, detected a 14.6% GDM incidence in 9795 pregnant women. More than half of the overweight or obese pregnant women (61.5%) developed GDM, and these women were three times (OR = 3.1, 95% CI = 1.81-5.20) more likely to develop GDM. Explanations for the increase in obesity, especially in low-income populations, include reduced physical activity and consumption of high-energy diets. They are exposed to high-fat, high-sugar, high-salt, energy-dense, and micronutrient-poor foods, which tend to be lower in cost and nutrient quality. Low-income pregnant women also are at risk of excessive gestational weight gain. Systematic reviews using a meta-analysis to evaluate risk factors for GDM regarded overweight/obesity to be an important risk factor for GDM. [30] [31] [32] Torloni et al., 30 in a systematic review using a meta-analysis that included 70 studies (59 cohorts and 11 case-control studies) observed that the likelihood of an obese pregnant woman to develop GDM was three to five times higher. These data highlight nutritional status in early pregnancy as an important risk factor for GDM.
In our study, physically inactive pregnant women were twice as likely to develop GDM. However, the association between physical activity pattern and GDM was not linear, possibly because we had a low number of participants with light physical activity pattern; the physical activity pattern concentrated between sedentary and moderate. Researchers in China evaluated 11,450 pregnant women at the 12th gestational week and also found moderate physical activity during pregnancy to be a protective factor for GDM, with an OR of 0.81 and 95% CI (0.67-0.97). 33 In India, physical inactivity was also associated with a fourfold increase in the risk of GDM and maternal and neonatal complications. 34 A recent systematic review using a metaanalysis concluded that pre-pregnancy or early pregnancy physical activity was associated with 30% and 21% reduced odds of GDM, respectively. 21 Sauder et al. 35 found that physical activity, measured using PPAQ, was significantly associated with a reduced risk of dysglycemia (adjusted OR = 0.67, 95% CI = 0.44-1.00).
However, some results are conflicting and the association between physical activity pattern during pregnancy and risk of GDM has not been well established yet. A multicenter cohort study conducted in Central American countries and comprising 1241 pregnant women pointed out that physical activity in early pregnancy was not associated with GDM. 36 Three meta-analyses provide further support for the hypothesis that physical activity decreases the risk of GDM. 21, 37, 38 However, Yin et al. 39 disagree with this idea based on their findings in another systematic review using a meta-analysis. Possibly, different study designs, different diagnostic criteria for GDM, shortfalls or statistical power, indirect or inaccurate physical activity evaluation, and the inability to control for confounding factors may explain divergent findings when determining the association between physical activity during pregnancy and risk of GDM. Physical activity decreases during pregnancy, and pregnant women usually adopt a sedentary lifestyle. The American College of Obstetricians and Gynecologists (ACOG) recommends that pregnant women, in the absence of contraindications, engage in 30 min or more of physical activity of at least moderate intensity on most, if not all, days of the week. 40 The following are the strengths of our study: a large sample size of low-income women was studied; the design was a prospective cohort population-based study including continuous evaluation throughout pregnancy; GDM was defined according to the recommended IADPSG's diagnostic criteria; and data collection included many variables.
Our study also has some limitations. At first, we used self-reported physical activity data, which may imply recall bias. Nevertheless, the use of a prospectively administered and validated questionnaire might reduce potential recall bias. The PPAQ was originally developed in English by Chasan-Taber et al., 36 and Cronbach's alpha assessed the reliability of the total scale as 0.78 and ranging from 0.78 to 0.93 for each subscale. Moreover, in a study conducted by Morkrid et al., 41 its reliability was confirmed by Cronbach's alpha of 0.85%. PPAQ was translated and culturally adapted to Portuguese. 42 It should also be emphasized that the pregnant women in this study were of low income and that heavy household chores may have been underestimated in this population. 43 The association between calorie intake and incident GDM was not analyzed, which can be considered as another limitation of our study. Moreover, we report results in a specific population and hence they cannot be generalized.
Conclusion
Our findings suggest that in low-income women with a pattern of physical inactivity in early pregnancy, the risk of GDM increases. Overweight/obesity was also a risk factor for GDM. Furthermore, studies designed as randomized control trials and cohort studies are needed to conclusively establish the association between physical activity and GDM in low-income populations.
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